Mechanism and regulation of DNA damage recognition in mammalian nucleotide excision repair.
Nucleotide excision repair (NER) is a versatile DNA repair pathway that eliminates various helix-distorting base lesions such as ultraviolet (UV)-induced photolesions. Several recessive human disorders, such as xeroderma pigmentosum (XP), are caused by hereditary defects in NER, implying that the pathway plays critical roles in suppressing diverse pathogenic processes, including carcinogenesis. In general, discrimination of lesion sites from intact DNA, which is present in vast excess, is a key determinant of the overall efficiency of DNA repair. In mammalian cells, global genomic NER lesion recognition is initiated by the XPC protein complex, which achieves broad DNA-binding specificity by sensing destabilized base pairs rather than lesions per se. To avert unnecessary incisions at lesion-free sites, and thereby ensure the fidelity of the repair system, transcription factor IIH and the XPA protein then verify the presence of relevant lesions at suspicious sites bound by XPC. In the case of UV-induced photolesions, a specialized lesion sensor called UV-damaged DNA-binding protein (UV-DDB) contributes to efficient lesion recognition and the recruitment of XPC to lesion sites. The ubiquitin-proteasome system plays a crucial role in the handoff of lesions from UV-DDB to XPC and the subsequent NER process. In addition, recognition of lesions targeted by global genomic NER is intricately regulated by higher-order chromatin structures, which play distinct roles depending on the type of lesion.